Abstract
Introduction
Diagnosis of central precocious puberty was made according to Tanner staging and pubertal LH response. Magnetic resonance imaging can be used to distinguish organic lesions of hypothalamic-pituitary [1] .
Previous studies have shown no impairment in BMD in girls with precocious and early puberty [2] [3] [4] [5] [6] . Dual-energy x-ray absorptiometry (DEXA) is increasingly used to evaluate for bone loss in children. The Z score (SD score compared with persons of the same age) is more useful. Tscore (SD score compared with young adults) for children is inappropriate to diagnose bone loss [7, 8] .
The aim of this study was to evaluate the effect of precocious puberty on BMD and to measure average bone mineral density in Turkish girls.
Materials and Methods
Fourteen girls between the ages of 5-10 (7.57 ± 1.83 year) who had new diagnosed precocious and early puberty were included in this study, Our patients are at II/III Tanner stage. None of the children had a condition known or suspected to affect bone metabolism (a growthaffecting chronic disease, bone disease, histories of malignancy, radiotherapy or systemic corticosteroid treatment, mental retardation, physical disability). Body weight, height and body mass index values were recorded. The study subjects were divided into 2 groups: those less than 8 y of age and those 8 y of age or older. BMD was measured in the posterior-anterior projection at the lumbar spine and at the right hip using dual X-ray absorptiometry system (Hologic, QDR 4500, USA). All measurements were done by the same qualified technician.
Correlation analysis was performed among BMD in all sub-regions. Linear regression curve, formulas and regression coefficients were obtained between lumbar spines total BMD and proximal femur BMD values in all sub-regions. According to age, new average BMD values of sub-regions in lumbar spine and proximal femur were calculated by linear regression formula leading to an average value of the lumbar spine total BMD in normal population.
According to age, new calculated standard deviation values were obtained using linear regression curve and formulas from reference data of Hologic. Average BMD values in all sub-regions were very close to total lumbar spine. New average standard deviation values of total lumbar spine were considered as unique standard deviation value of all sub-regions. 
Results
Descriptive analysis of girls was presented in Table 1 . BMD values of sub-regions in lumbar vertebras and proximal femur were given in the Table   2 . Increasing in BMD and standard deviation values with age was clearly observed. Cross-correlation analysis showed that BMD values of sub-regions in lumbar spine and proximal femur was positively correlated with total lumbar spine (r=0.701 -0.989). The more correlated vertebras were the second and third vertebra in lumbar spine and the more correlated sub-regions in proximal femur were total and trochanteric sub-regions (Table 3) . Then, according to new average ± SD BMD of all sub-regions, simulated new Z-scores of each girl in proximal femur and lumbar spine were presented in Table 6 . Mean values of Z -scores in these sub-regions were around zero. Simulated new Z-scores of these sub-regions were compared using Friedman test and were not found difference statistically (p=740).
Discussion
In the previous study, Significant Z-score correlation in 339 pediatric patients was found between proximal femur and lumbar spine (r = 0.73, P = 0.0001) [9] . Our results were similar with literature.
Gafni et al re-interpreted of DEXA scans in 34 children who had low BMD based on DEXA scan and reported that more than half of the patients actually had a normal BMD. According to error frequency, use of T-score (62%) was the most error. Choice of wrong reference database (21%) and drawing of incorrect bone map (21%) were others [7] .
Only use of age-specific reference data may not be appropriate in children. Pubertal stage, bone age, height age, body composition and ethnicity should be considered to accurate interpretation of Z-score in children [9] . Although increased skeletal size and delayed puberty can lead to apparent low BMD and untreated precocious puberty can lead to high BMD.
Several correction methods have been proposed for these variability's in bone size and pubertal stage [7, 10] . These methods are not commonly used in routine evaluation.
After DEXA scan, automatic bone map drawing software usually can not detect bone edge
correctly. The bone map should be adjusted manually by technician [7] . Additionally we sometimes saw that neck axis in proximal femur was not correctly detected by automatic software.
Arikowski reported that prepubertal BMD values in boys are similar with girls in Finland [8] .
Similar result was reported by Fonseca et al in Brazilian children [11] . We calculated standardized BMD values for lumbar spine from out results and previous studies. According to prepubertal age, we saw that average BMD values in lumbar spine did not differ among Turkey, Brasil and Finland.
According to World health organization criteria, patients with a T-score of < -2.5 was taken as osteoporotic and those between < -1 and -2.5 was taken as osteopenic in adults. T-score of BMD for children is inappropriate to diagnose bone loss. Z-scores in four additional subregions in lumbar spine are possible to calculate using our methods in fourteen girls. Bone mapping was easy. Correlations among sub-regions in lumbar spine were high. Some patients who had vertebral pathologies, metallic implants, or applied spinal surgery or radiotherapy raised spine operations may need to look at another area of the body for BMD measurement. BMD show a normalization trend [12] . Another study observed that BMD was significantly lower at discontinuation of treatment and increased to control values after gonadal activity resumption [1] . According to stage of precocious puberty, with the findings of the literature, four phases may be defined as at the beginning of the early signs, under treatment, discontinuation of treatment and untreated girls. BMD is normal at the beginning of the early signs of puberty and increased in untreated patients by the effect of sex steroids. BMD can be slightly decreased or normal under treatment with gonadotropin-releasing hormone (GnRH)
agonist. The rapid increase in BMD can be seen discontinuation of treatment. Early or precocious puberty should be treated with GnRH agonist to prevent permanent short stature.
Because of the beginning of the early signs, normal Z-scores in lumbar spine and proximal femur values can be calculated at the beginning of the early signs of precocious puberty.
Conclusion
We found significant Z-score correlation between proximal femur and lumbar spine (r=0.701 
